C
hronic mucosal inflammation and airway remodeling are the key events in the development of bronchial asthma (BA) even in mild and early forms of the disease (Bousquet et al, 2000; Laitinen et al, 1985) . In more advanced stage, thickening of the subepithelial basement membrane (BM), deposition of fibrillar collagen, and disruption of elastic fibers have been detected (Bousquet et al, 1996; Redington and Howarth, 1997) . Degradative processes of extracellular matrix (ECM) and BM components in airways are tightly controlled by a delicate balance between induction, expression, activation, and inhibition of matrix metalloproteinases (MMPs). The MMP family plays a crucial role in various tissue destructive conditions, such as malignancies, arthritides, and skin and periodontal diseases, as well as in physiologic tissue remodeling and repair (Birkedal-Hansen et al, 1993; Shapiro, 1998) . Up-regulated MMPs have been found in BA; gelatinase B (MMP-9) and its tissue inhibitor of MMPs (TIMP-1) have been shown to be expressed in an unbalanced ratio in bronchoalveolar lavage fluid (BALF) and induced sputum from asthma patients (Mautino et al, 1997 (Mautino et al, , 1999 Vignola et al, 1998; Warner et al, 1997) . Abundant expression of MMP-9 and -3 has been localized to asthmatic bronchial tissue macrophages, lymphocytes, eosinophils, and neutrophils, indicating that various genetically distinct MMPs are involved in destructive processes also in asthmatic airways (Dahlen et al, 1999; Kumagai et al, 1999; Ohno et al, 1997) .
Collagenase-1 (MMP-1), -2 (MMP-8), and -3 (MMP-13) form an interstitial collagenase subfamily of MMPs (Birkedal-Hansen et al, 1993) . Regarding fibrillar or interstitial collagens, MMP-8 hydrolyzes most efficiently type I collagen (Hasty et al, 1987) , which is the major interstitial collagen type in human lung ECM (Crystal and Weibel, 1991) , and further degrades types VII and X collagens (Shmid et al, 1986) . MMP-8 inactivates proteolytically serine proteinase inhibitors ␣ 1 -antitrypsin and ␣ 1 -antichymotrypsin, and also a general proteinase inhibitor ␣ 2 -macroglobulin (Michaelis et al, 1990; SottrupJensen, 1989; Weiss, 1989) .
MMP-8 has previously been considered to be derived only from degranulating polymorphonuclear leukocytes (PMNs) at the site of inflammation (Weiss, 1989) , but recent studies have evidenced that certain non-PMN lineage cells, such as human bronchial epithelial cells (Prikk et al, 2001) , sulcular epithelial cells (Tervahartiala et al, 2000) , chondrocytes Cole et al, 1996) , synovial fibroblast and endothelial cell (Hanemaaijer et al, 1997) , odontoblasts (Palosaari et al, 2000) , and plasma cells ), can express MMP-8 protein and mRNA. Moreover, malignant epithelial cells (Bachmeier et al, 2000) and rat wound keratinocytes express MMP-8 ). Sixty-kilodalton MMP-8 has been cloned and characterized from mouse embryogenic and peritoneal inflammatory neutrophil-enriched cell populations (Balbin et al, 1998) .
The principal aim of the present study was to evaluate the involvement of collagenase-2 (MMP-8) in the progression of asthmatic tissue remodeling. The study provides evidence for the up-regulation and activation of various MMP-8 species in BALF, as well as expression of MMP-8 in bronchial tissue and BALF cells. In addition, we show a clear inverse correlation between BALF MMP-8 levels and FEV 1 decline, which together with inhaled steroids (ICS) treatment effect in asthma patients.
Results

Western Immunoblot Results of BALF MMP-8 from Asthma Patients and Healthy Controls
Two groups of MMP-8 molecular species were detected at approximately 70 to 80 kd, evidently representing latent and activated forms of highly glycosylated PMN-type MMP-8, and two species at approximately 50 to 60 kd, representing latent and activated forms of less-glycosylated non-PMN-type MMP-8 (Hanemaaijer et al, 1997; Prikk et al, 2001 ). Additionally, high molecular weight forms (Ͼ 80 kd) evidently representing complexed inhibitor-bound or dimeric forms of MMP-8, were observed (Fig. 1) .
The profiles of the detected immunoreactive MMP-8 species are shown in Figure 2 . BALFs from controlled BA and healthy controls demonstrated only weak and hardly detectable immunoreactivities of latent MMP-8 forms. Total MMP-8 immunoreactivities in BALF from steroid-naive BA and uncontrolled BA were significantly elevated relative to BALF from healthy controls (p Ͻ 0.01, p Ͻ 0.001, respectively). Furthermore, total MMP-8 immunoreactivities in BALF from uncontrolled BA significantly differed from that of BALF from controlled BA (p Ͻ 0.001). The same profile concerning complex forms of MMP-8 in BALF from steroid-naive BA and uncontrolled BA significantly differed from that in healthy controls (p Ͻ 0.01, p Ͻ 0.001, respectively) and the MMP-8 complex form in uncontrolled BA differed from that of BALF from controlled BA (p Ͻ 0.001). Elevated levels of activated PMN-type MMP-8 were detected in BALF from uncontrolled BA and steroid-naive BA when compared with BALF from controlled BA (p Ͻ 0.001, pϽ 0.001, respectively) and healthy controls (p Ͻ 0.001, p Ͻ 0.01, respectively). Latent PMN-type MMP-8 species were significantly elevated only in BALFs from uncontrolled BA as compared with healthy controls (p Ͻ 0.05). The increase in latent and activated non-PMN-type MMP-8 was not significant in BALF from steroid-naive BA and uncontrolled BA.
MMP-8 Immunolocalization in Bronchial Tissue and BALF Cells from Different Asthma Patients
Immunohistochemistry and immunocytochemistry were used to localize MMP-8 protein in bronchial biopsies and cytospin BALF cells from BA patients 
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and controls. The pathomorphologic pattern was typical for BA, including thickened BM and submucosal infiltration by inflammatory cells. Epithelial shedding in bronchial biopsies from BA patients differed from totally intact to an extensively shed entire epithelium. Table 3 summarizes the grade of epithelial shedding in individual BA patients. In those specimens where bronchial epithelium was intact and/or only mildly shed, the MMP-8 expression was prominent in submucosal and epithelial area inflammatory cells; however, epithelial cells did not express MMP-8 (Fig. 3A) . In contrast, the bronchial specimens with moderate to extensive epithelial shedding presented a strong MMP-8 immunopositivity focally and especially in bronchial epithelial cells in addition to the infiltrating inflammatory cells of bronchial submucosal area (Fig.  3B) . It also appears that MMP-8 protein was partially secreted into the extracellular milieu as shown by immunoreactive granules in the intercellular area (Fig.  3 , B and C). Furthermore, MMP-8 protein was detected in serous cells of submucosal glands and in a secretion within the acini (Fig. 3C) . A semiquantitative analysis of MMP-8 immunoreactivity in bronchial biopsy specimens is presented in Table 3 .
BALF cells from steroid-naive and uncontrolled BA patients showed a strong immunoreactivity for MMP-8 protein in unciliated bronchial epithelial cells (Fig. 3G) , as well as in PMNs (Fig. 3F) . A weaker but clear signal of MMP-8 immunoreactivity was also detected in macrophages of patients with steroid-naive and uncontrolled BA (Fig. 3G ). BALF cells from controlled asthma patients showed a weak MMP-8 immunoreactivity in macrophages. A minimal hardly detectable MMP-8 signal in monocytes/macrophages from healthy controls in BALF cells (Fig. 4A ) and in bronchial specimens (Fig. 4C ) was detected.
Expression of MMP-8 mRNA in BALF Cells and Bronchial Biopsies from Asthma Patients
In agreement with immunocytochemical stainings, a strong signal for MMP-8 mRNA was detected in BALF PMNs, unciliated epithelial cells, and macrophages (Fig. 3, H and I) by in situ hybridization. MMP-8 mRNA was observed in ciliated and unciliated epithelial cells in addition to inflammatory cells in bronchial tissue biopsies (Fig. 3, L and M) . Control slides with MMP-8 sense probe gave no hybridization signal (Fig. 3, K and N) .
Relationship Between the Total and Activated MMP-8 Immunoreactivities and FEV 1 Values of BALF from Asthma Patients and Healthy Controls
Spearman rank correlation analysis was used to relate the FEV 1 values and total MMP-8 immunoreactivity and total activated MMP-8 immunoreactivity in BALF. A significant inverse correlation was observed between total MMP-8 in BALF and FEV 1 decline (r ϭ Ϫ0.283, p ϭ 0.04, Fig. 5A ) and activated MMP-8 in BALF and FEV 1 decline (r ϭ Ϫ0.427, p ϭ 0.001, Fig. 5B ). Importantly, steroid-naive BA with slight airway obstruction and uncontrolled BA with severe airway obstruction showed mainly elevated MMP-8 immunoreactivity, whereas in the controlled BA patients group with slight airway obstruction, the MMP-8 levels remained low.
Content of Total Protein, Eosinophilic Cationic Protein, and Cell Profile in BALF from Asthma Patients and Healthy Controls
Concentration of total protein, eosinophilic cationic protein (ECP), and cell profile in BALF are summarized in Table 2 . No significant differences in total protein and ECP levels were found between asthma patients and healthy controls. The total number of cells recovered in the BALF was elevated only in steroid-naive BA compared with healthy controls (p ϭ 0.03). No other significant differences were found in cell counts in the BA groups compared with healthy controls.
Discussion
BA is a disease with variable airway obstruction; the severity and exacerbation of the obstruction are assessed by a decline of FEV 1 value. FEV 1 is used to clinically evaluate and predict lung function of asthma patients (Peat et al, 1987) . This study demonstrated a significant inverse correlation between levels and activation of BALF MMP-8 and FEV 1 values in asthma patients. The secreted MMP-8 in BALFs was, to a significant extent, converted into active form in steroid-naive and uncontrolled severe asthma patients, but not in BALF from controlled and clinically stable asthma patients or from healthy controls. Focal and strong MMP-8 immunoreactivity was detectable especially in bronchial epithelial cells of injured and shed asthmatic airway. In addition, submucosal inflammatory and serous gland cells revealed MMP-8 immunopositivity. Immunostaining and in situ hybridization of BALF cell cytospins confirmed that bronchial epithelial cells, macrophages, and PMNs express both MMP-8 protein and mRNA in asthma.
Previously, only mature circulating PMNs have been thought to be the primary cellular source and storage of MMP-8 at the site of inflammation (Weiss, 1989) . Release and activation of MMP-8 without de novo expression of PMNs have thus been considered to be mainly regulated by factors affecting PMN triggering and degranulation (Weiss, 1989) . Certain mesenchymal cell lines and plasma cells have recently been demonstrated to express MMP-8 protein and mRNA (Bachmeier et al, 2000; Cole et al, 1996; Hanemaaijer et al, 1997; Palosaari et al, 2000; Pirilä et al, 2001; Tervahartiala et al, 2000; Wahlgren et al, 2001 ). Furthermore, bronchial epithelial cells express MMP-8 (Prikk et al, 2001 ) and also other MMPs such as MMP-2, -7, and -9 (Dunsmore et al, 1998; Yao et al, 1996) , which can mediate tissue destruction in cascades by activating each other. We found clear MMP-8 mRNA expression in PMNs in BALF cells from uncontrolled severe asthma patients, showing that PMNs at the site of inflammation are capable of de novo expressing PMN-type MMP-8 in asthma. This confirms and further extends the opinion of the previous studies that MMP-8 mRNA expression occurs in circulating PMNs (Cole and Kuettner, 1995; Hanemaaijer et al, 1997) . MMP-8 protein was further detected in glandular cells and in glandular secretions. Associations of MMP-8 with glandular secretion, hyperplasia, and hypersecretion remains to be further studied.
Our study revealed up-regulated levels of total MMP-8 immunoreactivity as well as PMN and non-PMN MMP-8 species in BALF from steroid-naive BA and uncontrolled severe BA patients. We also found elevated levels of high molecular weight (Ͼ 80 kd) complexes, representing MMP-8 species bound by endogenous inhibitors (TIMPs, ␣ 2 -macroglobulins) and/or formed by dimerization of MMP-8. These data indicate that at early onset of asthmatic airway inflammation, represented by newly detected steroid-naive BA patients, a marked increase in MMP-8 expression occurs. MMP-8 in asthmatic airway is originating from epithelial cells, glandular cells, macrophages, and less from PMNs. This study confirms and further extends our recent results of BALF MMP-8 from bronchiectatic patients; pathologically elevated levels of both PMN and non-PMN MMP-8 species are significantly converted to active forms in the lung characterized by extensive tissue injury (Prikk et al, 2001) .
In asthma, the airway epithelium is the major site of asthma-like perpetuated inflammation and remodeling (Laitinen et al, 1985) . Epithelium by itself actively contributes to the induction and development of the asthmatic process (Goldie et al, 1992) . Bronchial epithelial cells are the first physiologic barrier cells against outside air contaminants and react during the inflammatory process by releasing various proinflammatory mediators against invading microbes, allergens, and airway irritants to stabilize epithelial functions (Polito and Proud, 1998) . In the airways of patients having a genetic orientation to asthma, the delicate balance between injury and repair have evidently been lost, and continuing asthmatic inflammation leads usually to injury overcoming the repair. In this study, the focal and strong MMP-8 expression was especially shown in the epithelial cells of shedding and damaged epithelium. No MMP-8 protein could be detected in the intact/repaired asthmatic epithelium, suggesting a rather different character of distinct stages of destructive processes occurring locally in asthmatic airways with or without advanced tissue injury. MMP-8 is a powerful enzyme degrading collagen types I, II, III, VII, VIII, and X, and also gelatin (Birkedal-Hansen et al, 1993; Hasty et al, 1987; Shapiro, 1998; Shmid et al, 1986) . High MMP-8 levels in the inflamed airway epithelium indicate elevated risk for focal subepithelial collagenolysis. In asthma, continuous inflammation, injury, and repair lead to deposition of collagen types I, III, and V and fibronectin into subepithelial BM instead of functionally proper collagen type IV and laminin (Roche et al, 1989) . High expression of MMP-8 in the shedding epithelium seems to refer more to an onset of an irreversible injury of specifically functioning bronchial epithelium and submucosal BM rather than inflammation itself. In this regard we have recently shown a prominent expression of MMP-8 protein and mRNA in the ciliated bronchial epithelial cells and macrophages in the airways of bronchiectasis patients, and hardly any MMP-8 signal was detectable in control specimens (Prikk et al, 2001 ). Bronchiectasis has always been characterized by irreversible tissue injury where pathologically elevated BALF proteolytic activity has been shown to correlate with disease severity (Sepper et al, 1995) .
Lung function measurements are traditionally used in clinical characterization of the asthmatic process. FEV 1 measurements have been implicated to assess and predict severity, activity, and treatment failure of asthma (American Thoracic Society, 1987; Peat et al, 1987) . A strong inverse correlation between FEV 1 and BALF MMP-8 levels of individual asthma patients shows a principal association between elevated MMP-8 activity and a risk for deterioration of the lung function. This is in accordance with and further extends the recent findings by Vignola et al (1998) demonstrating that sputum MMP-9/TIMP-1 ratio correlated with airway obstruction in asthma. We showed various MMP-8 levels in different stages of asthma; BALF from controlled asthma patients in clinical remission had MMP-8 levels comparable to healthy controls, whereas asthma patients with uncontrolled disease and clear evidence of treatment failure or newly detected steroid-naive asthma patients shared significantly elevated MMP-8 levels in their BALF. ICSs, principal components of asthma treatment (Barnes, 1993) have been shown to down-regulate BA inflammation and injury (Djucanovic et al, 1992; Jeffery et al, 1992 ) by reducing inflammatory cell infiltration into epithelial and subepithelial area, thus protecting ECM and BM from degradation in asthma. ICSs downregulate MMP activity in murine model of airway inflammation (Corbel et al, 1999; Shapiro et al, 1991) , and protect the integrity of lamina reticularis by modulating MMP-9/TIMP-1 balance in asthmatic airways (Hoshino et al, 1999) . Our current findings that treatment with high ICS doses of uncontrolled severe BA patients does not reduce the MMP-8 levels and/or activity and asthma symptoms refer to the possibility that a failure in ICS treatment may be associated with poor MMP-8 down-regulation as well. Probably, steroid resistance has a link to the inability of the downregulating MMP-8 protein and mRNA expression in asthmatic airways.
In summary, successful down-regulation of asthmatic inflammation occurs in parallel with reduction of MMP-8 degradative levels and activity in asthmatic airways. This evidence significantly associates MMP-8 activity with FEV 1 measurements and further, with the MMP-8 value as an optional diagnostic tool to evaluate integrity and functionality of asthmatic airways.
Materials and Methods
Study Groups
Forty patients with well-documented history and clinical findings of BA, based on American Thoracic Society (1987) recommendations, referred to the Department of Lung Diseases of Tartu University (Esto- 
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nia) were included in this study. All patients had reversible airway obstruction as characterized by an increase of 15% in their FEV 1 value and of 200 ml absolute FEV 1 value after inhalation of 200 g of salbutamol (Ventolin, Glaxo-Welcome, London, United Kingdom). The clinical severity of chronic asthma was based on the step system of the Global Initiative for Asthma (GINA), which grades asthma from intermittent to chronic mild, moderate, and severe persistent (Guidelines for diagnosis and management of asthma, 1997). All subjects were lifelong nonsmokers and none had had any viral infection during the 6 weeks before the study. History of allergy was proved by skin prick tests with a panel of commonly used allergens (ALK-Abello; Allergologisk Laboratorium A/S, Horsholm, Denmark). BALF was obtained from three different groups of BA patients (Table 1) : Group 1, steroid-naive (n ϭ 14, median age 32.5 years, FEV 1 Ն 70%) patients with mild persistent but newly detected and untreated asthma. Group 2, patients with uncontrolled, severe persistent BA (n ϭ 13, median age 48 years, FEV 1 Յ 60%), regularly treated with a daily dose of 1500 to 2000 mg of ICS (beclomethasone dipropionate), but with continuous symptoms and frequent exacerbations of BA. Group 3, patients with well-controlled, stable, and moderate persistent BA (n ϭ 13, median age 48 years, FEV 1 Ն 70%) regularly treated with a daily dose of 800 to 1000 mg of ICS.
BALF was also obtained from 14 (median age 23.5 years) healthy subjects (Table 1) . None had a history of any respiratory or systemic diseases or any current medical symptoms. None had had acute respiratory tract infection during the 6 weeks before the study. Lung function was normal and bronchodilator test was negative in all control subjects. All controls were nonsmokers. None was allergic, as judged by history and by negative results of skin prick tests with a panel of commonly used allergens (ALK-Abello). Of the study group, bronchial biopsy specimens (Table 2) were obtained from five steroid-naive BA patients, four uncontrolled severe persistent BA patients, five controlled moderate persistent BA patients, and six healthy subjects. The study protocol was approved by the Ethics Committee of Tartu University, Estonia, and informed consent was obtained from all patients before their enrollment to the study.
Bronchoalveolar Lavage (BAL)
BAL for the healthy controls was performed into the middle lobe. The BAL for BA patients was carried out from the lingula or middle lobe during bronchoscopy by use of a fiberoptic bronchoscope as previously described (Prikk et al, 2001; Sepper et al, 1994) . Five 20-ml aliquots of prewarmed (37°C) 0.9% NaCl were instilled into the segmental bronchus. The solution with lavage material was immediately aspirated back after each aliquot. The first aliquot was excluded as a sample of bronchial lining fluid.
Processing of BALF for Western Immunoblotting and BALF Cells for Immunocytochemistry and In Situ Hybridization
After bronchoalveolar lavage, BALF was kept at 4°C and processed within 2 hours. BALF was centrifuged at 500 ϫg for 15 minutes to separate the supernatant from the cell pellet. The supernatant was divided into 500 l aliquots and stored at Ϫ70°C before analyzing. The cell pellet was suspended in 10 ml PBS and gently mixed. The cell viability was assessed by Trypan blue exclusion. The cells were repelleted by centrifugation at 500 ϫg for 15 minutes and the supernatant was separated. The cell pellet was resuspended in 1 ml PBS and gently mixed. Cytocentrifuge slides of 40,000 cells/slide were prepared by Cytospin 3 (Shandon Scientific, Cheshire, United Kingdom) at 250 ϫg for 10 minutes. The slides were air-dried for 1 hour and frozen at Ϫ70°C for immunocytochemistry. For in situ hybridization, all of the solutions were treated with 0.1% diethylpyrocarbonate (DEPC). After preparation of cytospins, the slides were fixed in 4% paraformaldehyde at 4°C and then dehydrated in alcohol series (50%, 70%, and 100%) each for 10 minutes at room temperature. The slides were air-dried for 1 hour and then frozen at Ϫ70°C for in situ hybridization. For differential cell counts, the slides were stained with Giemsa staining.
Bronchial Tissue Biopsies
Bronchial tissue biopsies were taken during bronchoscopic examination from 14 BA patients and 6 healthy controls. Bronchial tissue biopsies were taken from the right upper and middle lobe bronchi with care to avoid regions close to carina. Two tissue biopsy specimens were snap-frozen in liquid nitrogen and stored at Ϫ70°C until sectioned, and two tissue biopsies were fixed in 4% paraformaldehyde and embedded in paraffin, according to methods used for immunohistochemistry and in situ hybridization, respectively.
Measurements of Total Protein Content and ECP in BALF
Total protein in BALF was measured as previously described (Bradford, 1976) . Briefly, the photoabsorbances of the sample were measured at 600 nm by using the protein-Bradford dye binding principle. A concentration curve was obtained from serial dilution of bovine serum albumin. ECP was assayed by using 
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specific radioimmunoassay (Kabi Pharmacia, Uppsala, Sweden) according to the manufacturer's recommendations.
Immunohistochemical and Immunocytochemical Staining
The immunohistochemical and immunocytochemical analyses were principally carried out as previously described (Mäkelä et al, 1999; Prikk et al, 2001 ). The polyclonal rabbit anti-human MMP-8 does not detect pure human MMP-1, -2, -3, -9, or -13. For immunostaining, the Vectastain Rabbit ABC Elite Kit (Vector Laboratories, Burlingame, California) was used according to the manufacture's instructions. Bronchial biopsies were embedded in OCT-medium and 5-m serial sections were cut. The frozen bronchial tissue specimens and cytocentrifuged BALF cell slides were melted, air-dried, and fixed in acetone for 10 minutes at 4°C. The endogenous peroxidase activity was blocked by incubation for 30 minutes with 0.6% H 2 O 2 in methanol. The nonspecific binding sites were blocked by incubation with normal goat serum (1:50) for 3 hours. Thereafter, the sections were incubated with polyclonal anti-MMP-8 (Hanemaaijer et al, 1997; Sorsa et al, 1999 ; diluted 1:1000) overnight at 4°C and then sections were incubated with biotinylated antirabbit immunoglobulin G (1:250) for 1 hour and with avidin-biotin complex (1:125) for 30 minutes. The sections were stained with 3-amino-9-ethylcarbazole (AEC) and counterstained with Mayer's hematoxylin. For negative control, the primary antibody was replaced with a correspondent nonimmune serum. The immunoreactivities were semiquantified into four grades: 0, none; ϩ, mild; ϩϩ, moderate; and ϩϩϩ, abundant. The degree of bronchial epithelial shedding was semiquantified into four grades: 0, an intact epithelium; 1, mild shedding; 2, moderate shedding; 3, extensive shedding; and 4, naked BM (Prikk et al, 2001 ).
RNA Probes
A 95-bp SphI fragment of human MMP-8 cDNA (Hasty et al, 1990) was ligated into the pGEM-3Z(ϩ)-vector. The probe has been tested by Northern hybridization for specificity and by sequencing. The vector was linearized with a suitable enzyme and a riboprobe transcription kit (Boehringer-Mannheim Biochemica, Mannheim, Germany) was used for transcription according to the manufacturer's instruction. The transcripts were labeled with digoxigenin-11-UTP for in situ hybridization, and a corresponding sense probe was used as control for nonspecific hybridization.
In Situ Hybridization
In situ hybridization with RNA probes was carried out as previously described (Mäkelä et al, 1999; Prikk et al, 2001 ). Before deparaffinization with xylene and rehydration, tissue sections were incubated at 65°C for 30 minutes. The cell slides were melted at room temperature and proceeded to prehybridization. The tissue sections were treated with proteinase K and fixed in 4% paraformaldehyde in PBS. The sections were immersed in glycine (100 mM in PBS) and acetylated in 0.25% acetic anhydride in 0.1 M triethanolamine after equilibration in 4x SSC before 2 hours prehybridization at 57°C. The hybridization buffer contained 10 mM DTT, 250 g/ml yeast t-RNA, 250 g/ml salmon sperm DNA, 50% deionized formamide, 4x SSC, 10% (w/v) dextran sulfate, 0.02% (w/v) Ficoll, 0.02% (w/v) BSA, 0.02% (w/v) polyvinylpyrrolidone. The prehybridization buffer was removed and hybridization buffer containing 400 ng/ml DIG-labeled antisense or sense probe was applied to each section and hybridized overnight at 57°C. The posthybridization washes were made as follows: 2 ϫ 15 minutes in 2x SSC, and 4 ϫ 15 minutes in 0.1x SSC at 65°C. The sections were equilibrated for 10 minutes in buffer 1 (100 mM Tris-HCl, 150 mM NaCl, pH 7.5). The sections were blocked with buffer 1 containing 0.1% Triton X-100 and 2% normal goat serum for 30 minutes. The blocking solution was removed and buffer 1 containing 0.1% Triton X-100, 1% normal goat serum, and alkaline phosphataseconjugated anti-digoxigenin Fab-fragments, diluted 1:200, was applied to the sections and incubated for 1.5 hours. The sections were washed in buffer 1 and equilibrated in detection buffer (100 mM Tris-HCl, 100 mM NaCl, 50 mM MgCl 2 , pH 9.5). The alkaline phosphatase-conjugated anti-digoxigenin was detected with Fast Red (Boehringer Mannheim) solution. The staining was stopped with TE-buffer and counterstained with Mayer's hematoxylin.
Western Immunoblot Analysis
The molecular forms of MMP-8 were analyzed by Western immunoblot using specific rabbit polyclonal anti-human MMP-8 antibody (IgG fraction) as previously described (Hanemaaijer et al, 1997; Prikk et al, 2001; Sorsa et al, 1999) . SDS-PAGE-gels for MMP-8 Western blots were not carried out under reducing conditions. After electrophoresis, the proteins in the gel were electrotransferred onto a nitrocellulose membrane (Bio-Rad Laboratories, Richmond, California). After the unoccupied sites were blocked with 3% gelatin, the membrane first reacted with the primary antibody (1:500) and then with alkaline phosphatase conjugated secondary antibody. Immunoreactive proteins were visualized by nitro blue tetrazolium (Sigma, St. Louis, Missouri) and 5-bromo-4-chloro-3-indolyl-phosphate (Sigma). Quantitation was carried out by the Bio-Rad Model GS-700 Imaging Densitometer using the Analyst program .
Statistical Analysis
The results were analyzed by nonparametric KruskalWallis one-way ANOVA of ranks analysis and the Dunn test for multiple comparisons was used to study the differences between control and patient groups. Correlations were analyzed with the Spearman rank correlation test. Statistical significance was defined as a p value of Ͻ 0.05. The results are expressed as median and range.
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